H EART FAILURE (HF) IS ONE of the largest medical problems of our time, and despite substantial advances in its treatment, morbidity and mortality remain high. 1,2 In recent years, various disease management programs have been examined, and in some, favorable effects on morbidity (hospitalizations) and even mortality have been reported. [3] [4] [5] [6] As a result, in many hospitals, special disease management programs have been implemented such as an HF clinic in which specialized nurses provide additional care. 7 Although most studies have reported favorable effects of a variety of these disease management programs, not all have shown positive findings. [8] [9] [10] Recent metaanalyses also report effectiveness of HF disease management programs in reducing mortality and hospital readmissions and potential improvements in quality of life and cost savings. 11, 12 Although some factors have been identified as important for a successful program, 13 it remains largely unclear which components of the programs are primarily responsible for the observed favorable effects and how intensive such programs should be.
The present study was designed to examine the effects of a nurse-led disease management program in a sufficiently large population with an assumed relatively high event rate. The Coordinating Study Evaluating Outcomes of Advising and Counseling in Heart Failure (COACH) was designed to determine the effects of 2 levels of intensity in disease management programs on the combined end points of death and readmission to the hospital. Patients who were eligible for COACH had been hospitalized because of HF and were then randomized to 1 of 3 treatment arms and studied for 18 months.
METHODS
COACH was a multicenter, randomized, open trial with blinded endpoint evaluation, designed to compare basic support and intensive support in patients with chronic HF, with a control group receiving usual care as previously described in detail. 14 Patients were recruited during 28 months (October 23, 2002, to February 2, 2005) , and all patients were followed up for a fixed period of 18 months. The medical ethics committee approved the study protocol, and all patients provided written informed consent.
PATIENT POPULATION
All patients had been admitted to the hospital with symptoms of HF, New York Heart Association (NYHA) functional classification II to IV. 14 The diagnosis was made on the basis of a combination of typical signs and symptoms for which hospitalization was considered necessary, including the need for intravenously administered medication. All 17 sites were experienced HF centers that had participated in multicenter HF trials. Patients were 18 years or older and had evidence of structural underlying heart disease as shown at cardiovascular imaging. Both patients with impaired left ventricular ejection fraction (LVEF) and those with preserved LVEF could participate. Before discharge from the hospital (ie, before inclusion in the study), patient status had to be stable with standard medication for HF. The decision to enroll a patient in the study was made at the participating center. Major exclusion criteria were concurrent inclusion in another study or HF clinic, inability to complete the questionnaires, invasive procedure or cardiac surgery intervention performed within the last 6 months or such procedure or intervention planned to be performed within the next 3 months, ongoing evaluation for heart transplantation, and inability or unwillingness to give informed consent.
RANDOMIZATION
During hospitalization, patients were randomized to 1 of 3 groups, as follows: basic support, intensive support, or control. 14 The computer-generated randomization scheme used random permuted blocks of 6 patients stratified per center to ensure balanced assignment of patients to each of the 3 groups in each of the 17 participating centers.
INTERVENTION STRATEGIES
The study included 2 types of intervention and a control treatment. 14 Figure 1 shows the intensity of contacts with the cardiologist and nurse specializing in management of patients with HF (HF nurse) during follow-up. All patients received usual routine management by their cardiologist. This included an outpatient visit less than 2 months after hospital discharge and then every 6 months. Because 17 hospitals were involved, with po-tential differences in follow-up intensity, a standardized follow-up schedule was developed. Patients in the 2 support groups were visited by an HF nurse during admission, for education and support, and were scheduled for additional visits at the outpatient clinic.
Patients in the basic support group were scheduled for additional visits to the HF nurse at the outpatient clinic. Patients were educated using a protocol, and behavioral strategies were used to improve adherence. In addition, patients were instructed to contact the nurse if there was any change in their condition. Patients in the intensive support group received a similar intervention as used in the basic support group except they had monthly contact with the nurse. In the first month after hospital discharge, weekly telephone contacts were made and the patient was visited at home by the HF nurse. Furthermore, telephone calls, 2 home visits, and multidisciplinary advice given by a physiotherapist, dietician, and social worker were part of the intensive support intervention. In addition to providing information to patients, HF nurses were trained to increase patient self-efficacy. Materials used in the intervention included a patient diary, brochures on HF and its management, and samples of sodium-restricted food seasonings. Patients in both intervention groups were instructed to seek help if symptoms increased or if they gained weight.
Patients in the control group did not receive any treatment other than standard management by their cardiologist. All nurses were trained to increase the self-efficacy of the patients, and the quality of the 2 study interventions was maintained by monthly site visits of the research team to confirm adherence to the protocol.
FOLLOW-UP AND DATA COLLECTION
All patients were examined at hospital discharge and for 18 months thereafter. 14 Data on mortality and number of readmissions to the hospital were collected from medical records and patient interviews. Cause of death, reason for readmission, and date of the event was adjudicated by a central end-point committee whose members were blinded to group assignment.
END POINTS
The study had 2 primary end points. 14 planned overnight stay in a hospital because of progression of HF or as a direct result of HF. Patients had to have typical signs and symptoms, and hospitalizations were classified as HFrelated if admission was primarily for treatment of HF or when HF became a major component of the patient's hospital admission according to a predefined Manual of Operations for COACH using standard criteria. 15 Evidence of worsening HF was also classified using standard clinical criteria. 15 The second primary end point was the number of "unfavorable days," defined as the number of days lost because of death or hospitalization during the 18 months of follow-up. Major secondary end points were the 2 individual components of the composite end point, that is, death from any cause and hospitalization because of HF, and the number of all-cause hospitalizations per patient. All reported deaths and hospital admissions were referred to and adjudicated by an independent clinical event committee (see "COACH Investigators" section at the end of the article), who were blinded to the allocation of the interventions.
SAMPLE SIZE
We assumed a 40% event rate for the primary end points (death or readmission to the hospital because of HF) in the control group within the first year. 14 A 25% decrease in events in the basic support group was considered both realistic and clinically relevant. With a power of 90% and an ␣ level of .05, 349 patients were required in each of the 3 groups.
STATISTICAL ANALYSIS
All analyses were conducted according to the intent-to-treat principle. 14 There were 2 primary end point comparisons: time to first major event (death or hospitalization because of HF) and the number of days lost because of death or hospitalization. Kaplan-Meier curves were constructed for the different time to event evaluations, and groups were compared using the logrank test. To estimate the size of the effect, hazard ratios (HRs) with 95% confidence intervals (CIs) were calculated with the use of unadjusted Cox regression models. The number of days lost because of death or hospitalization during the 18 months of follow-up and the number of hospitalizations per patient were calculated and tested between groups using the Mann-Whitney test. All analyses were prespecified; reported P values are 2-sided and have not been adjusted for multiple testing. Dependency of multiple hospitalizations in 1 patient has not been considered in testing differences in incidences of hospitalization because of HF and duration of hospitalizations. PϽ.05 was considered statistically significant. Statistical analyses were performed using commercially available software (SPSS version 12.0; SPSS Inc, Chicago, Illinois, and SAS version 9.1; SAS Institute Inc, Cary, North Carolina).
RESULTS
During the study, 2957 patients were hospitalized because of symptomatic HF and structural underlying heart disease (Figure 2 ). A total of 1908 patients were excluded. Of these, 1117 patients did not meet the inclusion criteria because they were already enrolled in the HF clinic or another trial (n=336); were unable to follow the study protocol owing to dementia, other psychiatric illness, or deafness (n=328); had a planned or recent invasive procedure or surgery (n = 292); had a terminal illness or were receiving palliative treatment (n=125); or died before randomization (n=36). An additional 282 patients refused to participate, and 509 were excluded because of other, usually logistic, reasons. Patients who participated were, on average, 4 years younger and more often male (63% vs 51%) compared with nonparticipants. A total of 1049 patients were randomized during hospitalization because of HF, of whom 1023 were discharged alive and were followed up for 18 months; this latter group forms the present study population.
BASELINE CHARACTERISTICS
The baseline characteristics of the 3 groups were comparable. Mean age was 71 years (age range, 23-93 years), 62% were men, and 61% were married ( Table 1) . Whereas at admission to the hospital, virtually all patients had NYHA functional class III or IV disease, at discharge, 50% were classified as having NYHA class II disease and 50% as having NYHA III or IV disease. Both patients with decreased LVEF and preserved LVEF were included, and the mean LVEF was 34%.
INTERVENTION
There was a substantial difference in contacts with the study cardiologists and the specially trained nurses in all 3 groups compared with the planned protocol (Figure 1) . Control patients were supposed to visit the cardiologist only 4 times and to have no contact with an HF nurse. According to this schedule, 858 visits to the cardiologist should have taken place, but an actual total of 1144 visits to the cardiologist were made (286 additional visits, or 33% more). In the basic support group, 2347 visits and telephone calls were planned, but 3302 visits or telephone calls (40% more) were actually made. In the intensive support group, 5868 visits and telephone calls were planned and 6469 (10% more) were made. The estimated time investment of nurses in the basic support group was 20 hours per patient, and in the intensive intervention group was 40 hours per patient. Two patients crossed over to another group, 1 patient from the Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BNP, B-type natriuretic peptide; COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; HF, heart failure; IR, interquartile range; LVEF, left ventricular ejection fraction; MI, myocardial infarction; NT-proBNP, N-terminal prohormone B-type natriuretic peptide; NYHA, New York Heart Association. SI conversion factors: To convert sodium to millimoles per liter, multiply by 1.0; hemoglobin to grams per liter, multiply by 10.0. a Class II indicates mild (slight limitation of physical activity; comfortable at rest, but ordinary physical activity results in fatigue, palpitation, or dyspnea); III, moderate (marked limitation of physical activity; comfortable at rest, but less than ordinary activity causes fatigue, palpitation, or dyspnea); and IV, severe (unable to carry out any physical activity without discomfort; symptoms of cardiac insufficiency at rest; if any physical activity is undertaken, discomfort is increased). b Calculated as weight in kilograms divided by height in meters squared. c Includes loop diuretics, thiazides, and aldosterone antagonists. basic support group to the intensive support group and 1 patient from the control group to the basic support group. These patients were analyzed as randomized (intent-to-treat principle).
OUTCOMES

PRIMARY END POINTS
During the 18 months of the study, 411 of 1023 patients (40%) reached the primary end point (death or hospitalization because of HF): 141 patients (42%) in the control group, 138 patients (41%) in the basic support group, and 132 patients (38%) in the intensive support group. Analysis of the time to first event showed HRs of 0.96 (95% CI, 0.76-1.21; P=.73) and 0.93 (95% CI, 0.73-1.17; P=.53) for the composite end point of death and hospitalization because of HF in the basic and intensive support groups, respectively, vs the control group (Figure 3A) .
The total number of days lost because of death or allcause hospitalization during the 18-month study (the other primary end point) was 39 960 days in the control group compared with 33 731 days in the basic support group and 34 268 in the intensive support group (Figure 4) . Per patient, the median number of days lost was 12 in the control group (25th and 75th percentiles, 0.0 and 173.0 days), 9 in the basic support group (25th and 75th percentiles, 0.0 and 88.0 days; P=.81 vs control group), and 7 1 ⁄2 in the intensive support group (25th and 75th percentiles, 0.0 and 86.5 days; P=.49 vs control group).
SECONDARY END POINTS
Mortality
The all-cause mortality rate was 29% in the control group, 27% in the basic support group, and 24% in the intensive support group ( Figure 3B) . The 12% and 19% reductions in mortality rate during the 18 months were not statistically significant, with HR of 0.88 (95% CI, 0.66-1.18; P=.39) and HR of 0.81 (95% CI, 0.60-1.08; P=.15). For the 2 intervention groups combined, the HR was 0.85 (95% CI, 0.66-1.08; P= .18).
Hospitalizations
Of all patients, 55% were hospitalized at least once for any cause during the 18 months, for a total of 1161 hospitalizations ( Table 2) . A total of 64% (746) of these hospitalizations were considered related to cardiovascular disorders, but only 32% (375) were related to HF. There were slightly more hospitalizations because of HF in the intensive support group compared with the control group (134 vs 120). Considering a total cumulative follow-up of 429.02 years for the intensive support group and 409.27 years for the control group, incidence rates of 0.31 and 0.29 per follow-up year were calculated for the intensive support and control groups, respectively, with an incidence rate ratio of 1.07 (95% CI, 0.83-1.37; P=.62). However, the median duration of admissions to the hospital because of HF in both support groups (8.0 days in the basic support group and 9.5 days in the intensive support group) was shorter compared with the control group (12.0 days; basic support group vs control group, P=.01, and intensive support vs control group, P=.29 (Table 2 ). There was no difference between groups with respect to the proportion of patients who had multiple readmissions to the hospital because of HF.
COMMENT
The primary findings of this randomized controlled study, which, to our knowledge, is one of the largest to date in the field of HF disease management, do not support the concept that adding either a basic or an intensive nurseled management program to standard care of a cardiologist reduces the combined end point of death or rehospitalization because of HF. We did, however, observe a nonsignificant but potentially clinically relevant 15% decrease in all-cause mortality, which was accompanied by a slight increase in (shorter) hospitalizations in both intervention groups.
Disease management programs are implemented on a large scale in many countries, and recent guidelines advocate the use of an organized system of specialist HF care to improve symptoms and reduce hospitalizations (class IA) and to increase survival (class IB). 1,2 In the present large study in 17 centers, we did not find an effect on the composite end point of death and hospitalization because of HF. Given the existing data, this finding is unexpected and will affect the role of disease management programs for HF and HF guidelines. It is, therefore, important to identify factors that may have led to this outcome.
The 2 most obvious explanations for the absence of a difference in the event rate between the control and intervention groups are that either patients in the control group were managed well enough already, thus making it difficult to further improve outcomes, or the quality of the intervention did not improve treatment. We believe that the first explanation, in particular, may have an important role in the present study because of a lower-than- expected event rate in the control group, which is often noted in clinical trials. In earlier studies, patients in the control group did not receive any structured specialized follow-up, which might be associated with higher rates of mortality and hospitalization. 11, 12 In our study, however, control patients were seen by a cardiologist, which constitutes usual care in the health care system in the Netherlands. Moreover, the 339 patients in the control group had an additional 286 visits to their cardiologist, often because of an increase in symptoms. It is likely that these visits "upgraded" the control group and led to better adherence to medication, which is known to be associated with a better outcome. 16 Although patients in the 2 intervention groups also had more visits than planned, it is conceivable that this surplus of visits had the largest effect in the control group. Although specific measures were taken during the study to avert extra contacts 14 and we discouraged local investigators to have these unplanned visits, we often could not prevent them because in patients whose condition deteriorated, the cardiologist intensified contacts. The alternative explanation for the absence of a contrast between the groups might be that the additional support in the 2 intervention groups was not successful enough in educating and counseling patients. Although this cannot be proved, we believe that this latter explanation is not likely inasmuch as substantial time and effort was spent by specially educated and experienced workers to improve knowledge about HF and its treatment, which is well known to be important in this population. 17 A comparable increase in the number of hospital admissions in combination with a decrease in mortality has been reported previously with intervention programs in HF. 9, 18 Cleland et al 18 reported the highest percentage of days spent in the hospital in patients who were monitored most intensively (by nurse visits and telephone calls). Health care providers might be forced to realize that readmissions to the hospital because of HF are part of the need in these severely ill patients and should not always be considered negative. The present study showed that a one-size-fits-all model of disease management does not reduce readmissions in every hospital, and institutions may differ substantially in their organization and expertise in the treatment of HF.
While the number of hospitalizations in the present study was not favorably affected, there was a 15% (nonsignificant) reduction in mortality that was consistent throughout the follow-up and confirms findings of previous meta-analyses. 11, 12 This reduction is comparable to proved pharmacologic interventions in this population, and although the study was not powered to examine mortality, it is substantial. We found that the separate components of the composite end point moved in opposite directions, reflected by a higher readmission rate and a lower mortality rate. Patients in both intervention groups may have had low-threshold access to the care providers, resulting in relatively easy admission to the hospital. For this reason, hospitalizations being part of the primary end point may not have been ideal and we might have powered the study for mortality alone. Also, while hospitalizations may possibly be affected by subjective factors, such an effect is unlikely when assessing mortality, and the present finding may, thus, be genuine.
Most, if not all, previous studies that evaluated the effect of programs in a similar (clinical) setting as COACH were relatively small and conducted primarily in 1 or only a few sites. 11, 12 While COACH is the largest study in this clinical setting, there are 2 even larger studies, but both had a completely different design and examined the effect of (additional) telephone intervention. 19, 20 Galbreath et al 19 studied 1069 patients with HF in a single center and showed that initial weekly and later monthly telephone intervention led to a borderline statistically significant reduction in all-cause mortality during an 18-month study. In another study from Argentina, 20 1518 outpatients with HF were enrolled, and the investigators found a statistically significant 29% reduction in hospital admissions because of HF but no effect on mortality. Two other studies, which were more similar to COACH and reported the most pronounced favorable effects, were conducted in only 2 or 3 dedicated and experienced hospitals. 4, 21 Favorable effects observed in other studies may also be attributed to the other components in the programs, but also to direct involvement of the researchers conducting the study in delivering care. It also cannot be ruled out that studies with positive findings were published more often than studies with negative findings, leading to publication bias.
